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(54) Apparatus and method for precise velocity control 



(57) An apparatus and method for precisely control- 
ling a driven component (10) in an electromechanical 
system, particularly for controlling the speed of a pho- 
toreceptor or intermediate transfer belt in an electropho- 
tographic printing machine. A sensor (160) monitors the 
speed of the driven belt (10) and generates and sends 
a signal indicative thereof to a controller (90). A second 
sensor monitors the rotational speed of the shaft (172) 
of the drive motor (170) and also generates a signal in- 
dicative thereof and sends that signal to the controller 
(90). The controller (90) processes the signals so that a 
preselected belt speed is maintained while minimizing 
or eliminating torque disturbances caused by the rapid 
fluctuation of the motor velocity without the necessity of 
using an inertial flywheel. 
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Description 

This invention relates generally to an electrophoto- 
graphic printing machine, and more particularly con- 
cerns an improved method and apparatus for controlling 
the lateral movement of a moving belt. 

In a typical electrophotographic printing process, a 
photoconductive member in the form of a drum used in 
combination with an intermediate transfer medium may 
be employed. Belt type photoreceptors can also be 
used, alone or in combination with either an intermedi- 
ate transfer belt or an intermediate transfer drum. 

U.S.-A-5.204.602 describes a servo motor control 
method capable of automatically affecting optimum 
backlash acceleration correction under various machine 
operating conditions. A backlash acceleration correc- 
tion process is started when the sign of a positional de- 
viation is inverted, and is cyclic ly executed thereafter. A 
cutting speed is estimated from the square root of the 
positional deviation at the start of the correction process, 
and a constant, used to calculate a backlash accelera- 
tion amount, and a backlash acceleration time are cal- 
culated in accordance with the estimated cutting speed. 
By inverting the sign of the output of an integrator of a 
speed loop, moreover, a target value is obtained which 
is equal in magnitude to the integrator output and whose 
sign is opposite to that of the integrator output. In each 
processing cycle, the product of the constant and the 
difference between the target value and the present in- 
tegrator output is obtained, and a torque command to 
be used for the drive control of the servo motor is ob- 
tained in accordance with the speed command after the 
backlash acceleration correction, which is obtained by 
adding the resultant product to a speed command cal- 
culated in a position loop process. 

U.S.-A-5,073,746 discloses a speed control meth- 
od for a servo motor capable of smoothly rotating the 
servo motor without causing pulsating rotation even 
when the servo motor rotates at low speeds. On the ba- 
sis of numbers f feedback pulses detected and stored 
at intervals of a period equal to a value obtained by di- 
viding an estimated speed calculation period by an in- 
teger multiple of two, the number of feedback pulses in 
each estimated speed calculation period and the 
number of pulses in a time period from a mid point of an 
estimated speed calculation period immediately before 
each estimated speed calculation period to a mid point 
of each estimated speed calculation period are calcu- 
lated, and an estimated speed indicative of an actual 
rotation speed of the servo motor is further calculated 
on the basis of the calculated numbers of pulses. 

The exists a need for a system for precisely control- 
ling the speed and/or position of a rotating photorecep- 
tor member in a printing device, particularly in multicol- 
our printing machine, where accurate registration of 
successively formed individual colour images is of great 
importance. 

In accordance with one aspect of the present inven- 



tion, there is provided an apparatus for controlling the 
velocity of a motor driven component. The apparatus 
comprises a first sensor adapted to detect the velocity 
of the driven component and generate a first signal in- 
5 dicative thereof, a second sensor adapted to detect the 
velocity of the motor and generate a second signal in- 
dicative thereof, and a controller, responsive to the first 
signal and the second signal, for generating a motor 
control signal. 

io Pursuant to yet another aspect of the present inven- 
tion, there is provided an electrophotographic printing 
machine comprising an apparatus as set forth above 
and a motor operatively connected to the driven com- 
ponent. 

is Pursuant to another aspect of the present invention, 
there is provided a method for controlling the velocity of 
a motor driven component. The method comprises de- 
tecting the velocity of the driven component and gener- 
ating a first signal indicative thereof, detecting the ve- 

20 locity of the motor and generating a second signal indic- 
ative thereof and generating a motor control signal as a 
function of the first signal and the second signal. 

Pursuant to yet another aspect of the present inven- 
tion, there is provided a programmable elect rophoto- 

25 graphic printing machine comprising a motor operatively 
connected to a driven component, the machine being 
suitably programmed for carrying out the method as set 
for above, or according to any of the embodiments de- 
scribed herein. 

30 Other features of the present invention will become 
apparent as the following description proceeds and 
upon reference to the drawings, in which: 
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Figure 1 is a graphical representation of the regis- 
tration errors for various frequencies of motor 
torque disturbance; 

Figure 2 is a schematic representation of a photore- 
ceptor drive system in a multicolor electrophoto- 
graphic printing machine; 

Figure 3 is a flow diagram illustrating the method of 
the present invention to precisely control the speed 
of a electromechanical system; 
Figures 4A and 4B are graphical comparisons of the 
torque response curve with and without the control 
system of the present invention; and 
Figure 5 is a schematic elevational view depicting 
an illustrative multicolor electrophotographic print- 
ing machine incorporating the apparatus of the 
present invention. 



For a general understanding of the features of the 
present invention references are made to the drawings. 
In the drawings, like reference numerals have been 
used throughout to designate identical elements. 
55 Referring initially to Fig. 5, an intermediate belt des- 
ignated generally by the reference numeral 10 is mount- 
ed rotatabfy on the machine frame. Belt 1 0 rotates in the 
direction of arrow 1 2. Four imaging reproducing stations 
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indicated generally by the reference numerals 14, 16, 
18 and 20 are positioned about the periphery of the belt 
10. Each image reproducing station is substantially 
identical to one another. The only distinctions between 
the image reproducing stations is their position and the 
color of the developer material employed therein. For 
example, image reproducing station 1 4 uses a black de- 
veloper material, while stations 16, 18 and 20 use yel- 
low, magenta and cyan colored developer material. In- 
asmuch as stations 14, 16, 18 and 20 are similar, only 
station 20 will be described in detail. 

At station 20, a drum 22 having a photoconductive 
surface deposited on a conductive substrate rotates in 
direction of arrow 24. Preferably, the photoconductive 
surface is made from a selenium alloy with the conduc- 
tive substrate being made from an electronically ground- 
ed aluminum alloy. Other suitable photoconductive sur- 
faces and conductive substrates may also be employed. 
Drum 22 rotates in the direction of arrow 24 to advance 
successive portions of the photoconductive surface 
through the various processing stations disposed about 
the path of movement thereof. 

As the various processing stations of the machine 
of Fig. 5 are known in the art, a detailed description 
thereof has been omitted from the present disclosure, 
for brevity. For further details, reference is made to US 
application S.N. 08/343,394, a copy of which was filed 
with the present application. 

The various machine functions are regulated by 
controller 90. The controller is preferably a programma- 
ble microprocessor which controls all of the machine 
functions described herein. The controller provides a 
comparison count of the copy sheets, the number of 
documents being recirculated, the number of copy 
sheets selected by the operator, time delays, jam cor- 
rections, etc.. The control of all of the exemplary sys- 
tems heretofore described may be accomplished by 
conventional control switch inputs from the printing ma- 
chine consoles selected by the operator. Conventional 
sheet path sensors or switches may be utilized to keep 
track of the position of the document and the copy 
sheets. 

Depending upon the specifics of a particular appli- 
cation, the pass to pass process direction registration 
specification on a photoreceptor module for multiple ex- 
posure color (either single pass or multi pass) generally 
ranges from 15 to 60 |im for the photoreceptor process 
direction. Key to the strategy to achieve this level of reg- 
istration is to limit the photoreceptor errors to be identi- 
cal for each color separation. That is, whatever motion 
non uniformities occur during the production of the im- 
age in the first color must be repeated for all of the other 
colors, thus eliminating any relative motion and misreg- 
istration. This requires that the photoreceptor motion er- 
rors be synchronous with the image to image spacing. 

By proper sizing of the photoreceptor roll diameters, 
they can be made to rotate an integer number of times 
as the photoreceptor travels from one imaging zone to 



another. If this is accomplished, the run out errors of the 
rolls which affect the photoreceptor motion quality will 
not generate registration errors. This property of syn- 
chronism permits a reasonable tolerance to be placed 
5 on the drive elements physical dimensions but also puts 
restrictions on the drive element physical size and im- 
age to image spacing. 

Although the strategy of incorporating synchronism 
allows relaxation of the run out specification, there is a 
w problem with the periodic higher frequency of the motor 
torque disturbance and its harmonics. This is true be- 
cause even though the circumference of a roll turning at 
3 hertz, for example, may be only a few degrees out of 
phase for rotation with respect to the image pitch, result- 
is ing in very little registration error, the 8 hertz, 16 hertz, 
and higher frequency disturbances produced by the mo- 
tor will be much more out of phase, resulting in a larger 
registration error. These errors are illustrated graphical- 
ly in Figure 1 . Using the shaded area corresponding to 

20 registration error under the lowest frequency pulse as a 
reference of 1, the mid frequency error would be 3.7, 
and the high frequency error would be 4.9. 

Due to the phase problem, the magnitude of the dis- 
turbances must be made as small as possible at higher 

2$ frequencies. One way of reducing certain of these dis- 
turbances is to feed back the motor velocity in addition 
to the surface velocity. A second way to reduce the mag- 
nitude of these disturbances is to add an inertia flywheel 
on the motor output drive shaft. However, adding an in- 

30 ertia flywheel requires additional space and size that 
puts severe restrictions on the design for new printing 
machines. Thus, if the torque disturbances can be min- 
imized or eliminated without the use of the inertia fly- 
wheel, a smaller more compact printing machine can be 

35 designed. 

Turning now to Figure 2, there is illustrated a sche- 
matic representation of an intermediate belt drive sys- 
tem of Figure 5 utilizing the velocity control of the 
present invention. In the illustrated system, the belt 10 

40 moves in the process direction indicated by arrow 12 
through various processing stations. The belt 10 is driv- 
en by drive roll 150 which is connected to a drive motor 
170. The velocity control system utilizes a speed sensor 
1 60 to detect the surface velocity of the intermediate belt 

45 10. A second speed sensor (not shown), preferably in 
the form of a rotary encoder, is used on the output shaft 
172 of the drive motor 170 to accurately measure the 
rotational speed of the drive motor output shaft 172. Of 
course, the control system described can also be used 

so to control photoreceptor drums or belts in printing ma- 
chines utilizing an intermediate transfer media or in di- 
rect image on image recording systems. 

Figure 3 illustrates a flow chart of the servo control 
system utilized for the velocity control system herein. 

55 The servo system utilizes a two loop feedback system: 
in the first lop 302 the surface velocity of the photore- 
ceptor 10 is fed back into the main velocity controller 90; 
and a secondary motor 1 70 velocity feedback loop 304 
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is utilized to additionally reduce velocity errors due to 
motor torque disturbances. This dual feedback loop is 
found to be particularly effective at reducing motor 
torque disturbances and can minimize or eliminate the 
need for an inertia fly wheel to reduce velocity error due 5 
to motor torque disturbances. 

Figures 4A and 4B graphically illustrate two torque 
response curves. Figure 4A illustrates a torque re- 
sponse curve utilizing a photoreceptor 10 drive system 
without the velocity control system of the invention here- 10 
in. This measure of the system performance desribes 
the motion of the driven component ratioed to the 
amount of torque fluctuation at the motor 1 70. Figure 4B 
illustrates the torque response curve utilizing the dual 
feedback system of Fig. 3. It can be seen that there is is 
a two to three time improvement of the torque distur- 
bance at the 8 Hz and 16 Hz response points. The 8 and 
16 Hz frequencies are indications of motor torque error 
frequencies. This improvement will result in a propor- 
tional improvement in the magnitude of the photorecep- 20 
tor velocity variation due to torque variations of the mo- 
tor at its fundamental frequency in its first harmonic. This 
in turn will proportionally reduce the corresponding reg- 
istration errors caused by the asynchronicity in the sys- 
tem. 25 

In recapitulation, there is provided an apparatus 
and method for precisely controlling a driven component 
in an electromechanical system, particularly for control- 
ling the speed of a photoreceptor or intermediate trans- 
fer belt in an electrophotographic printing machine. A 30 
sensor monitors the speed of the driven belt and gener- 
ates and sends a signal indicative thereof to a controller. 
A second sensor monitors the rotational speed of the 
drive motor for the component and also generates a sig- 
nal indicative thereof and sends that signal to the con- 35 
trailer. The controller processes the signals so that a 
preselected belt speed is maintained while minimizing 
or eliminating torque disturbances caused by the rapid 
fluctuation of the motor velocity without the necessity of 
using an inertial flywheel. 40 



first sensor (160) comprises a photoemitter-pho- 
toreceptor pair. 

3. An apparatus according to claim 1 or 2, wherein 
said second sensor comprises an optical rotary 
encoder. 

4. An apparatus according to claim 1 or 2, wherein 
said second sensor comprises a magnetic rotary 
encoder. 

5. An electrophotographic printing machine, compris- 
ing an apparatus according to any of claims 1 to 4 
and a motor (170) operatively connected to the 
driven component (10). 

6. A printing machine according to claim 5, wherein 
the driven component (.1 0) comprises a photorecep- 
tor belt. 

7. A printing machine according to claim 5, wherein 
the driven component (10) comprises an intermedi- 
ate transfer belt. 

8. A method for controlling the velocity of a motor 
driven component (10) of an electromechanical 
system, comprising: 

detecting the velocity of the driven component 
(10) and generating a first signal indicative 
thereof; 

detecting the velocity of the motor (170) and 
generating a second signal indicative thereof; 
and 

generating a motor control signal as a function 
of the first signal and the second signal. 



Claims 

1. An apparatus for controlling velocity of a component 45 
(10) driven by a motor (170), comprising: 

a first sensor (1 60) adapted to detect the veloc- 
ity of the driven component (10) and generate 
a first signal indicative thereof; so 
a second sensor adapted to detect the velocity 
of the motor (170) and generate a second sig- 
nal indicative thereof; and 
a controller (90), responsive to the first signal 
and the second signal, for generating a motor 55 
control signal. 

2. An apparatus according to claim 1 , wherein said 
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